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13 Dietary Fibre, Carbohydrate Metabolism and 
Chronic Disease 



David J^^A. Jenkins,' Alexandra L. Jenkins, Cynl W.C. 
Kendall, Livia Augustine and Vladimir Vuksan 

13.1 Introduction 

Historically, although this field owes much to Surgeon Captain Cleave and others before him. 
it was Denis Burkitt and Hugh Trowell who brouglit the idea of fibre and health togetlier and 
into the public eye, Burkitt 's main interest was in the connection between fibre and colonic 
disease (Burkitt & Spiller 1993), while Trowell (1993) carried the torch for the metabolic 
effects of fibre on carbohydrate and lipid metabolism and their related disorders. Many of 
the concepts they proposed found suppon in the work of Walker in Souil> Africa, on whose 
findings they drew extensively. 

As the debate progressed in the 1970s, many of the health benefits originally obser\^ed 
for a high vegetable fibre diet in Uganda became transferred to wheat bran for the Western 
world, possibly because of the visible immediacy of the colonic effect. Over the subsequent 
years, interest has shifted to viscous fibres, resistant starch and fructo-oligosaccharides - all 
of which fulfil the definition of fibre, as carbohydrates which enter the colon, but which have 
been excluded from the definition of fibre by those who consider that only celi-wall materials 
can be classed as dietary fibre. Nevertheless, they share many of the attributes of cell-wall 
polysaccharides, both in the small intestine and in the colon. 

13.2 Effect of viscous and non-viscous fibre on glucose, insulin and 
gut hormones 

Early on, it was shown that insoluble fibre sources such as wheat bran had little effect on 
glucose tolerance and the postprandial insulin response. However, the effects of viscous fi- 
bres on glucose tolerance and insulin responses was marked, and dependent on their viscos- 
ity (Jenkins ci al. 1978). Studies using xylose excretion as a marker of the rate of absorp- 
tion Confinned the slower rate of absorption with the more viscous fibres. These studies have 
been confirmed with other fibre sources, notably oat p-glucan ( M etz er al. 1 9^-^). The mecha- 
nism appears lo relate to impedance of solute movement through the unstirred water layer 
(Blackburn er al. 19<S4) and impedance lo bulk phase ditTusion of the products of digestion 
from lumen to the enterocyte ( Flourie ei al. 1 984). Studies have also shown that the benefits 
of slowing the rate of absorption can be mimicked by sipping glucoseover 3 hours rather than 
taking it in a bolus in 5 minutes (Jenkins et al. 1 990 ). The concept of the advantage of spread- 
ing the nutrient load over time (e.g. nibbling versus gorging) has been shown to be of benefit 
in diabetes. Diabetics provided with small, frequent meals showed lower mean glucose and 
insulin levels over the day. than when the same amount of food was taken in larger discrete 
meals (Jenkins a/. 1992; Bertelsen e/ 1//. 1993). 
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Studies after gastric surger>' have suggested that the so-cal led 'dumpinc svndrome' can be 
improved meiabolically by \ iscous fibres wliich bluni not onlv the ghico^se'rise but also the 
eiKlocnnc response, including insulin and the incrctin or insuiinotrophic i-ut hormone, uasiric 
inhibitor\- polypeptide (GIP) (Jenkins c/m/. 1 %0: Leeds tv <;/. 1981). 

13.2.1 Effect of other fibre-like carbohydrates 

True clieniically resistant starches. RS, and RS, have no etTect on the elvcaemic response 
ot the available starch (Jenkins et al. 1982a) when the resistant starch accounted for by 
subtraction from the total starch in determining the test dose. i.e. the remaining starch "ives 
a predictable high blood glucose rise. These starches are chemical Iv resistant in that^hev 
require solubilisation with sodium hydro.xide. etc. prior to analysis, and owe their resistance 
to hydrogen bonding. Entrapped starch (RS, ). which may be trapped by fibre reacts as slow- 
release carbohydrate (see below). This starch simply requires to be freed from its retaining 
physical matrix to be made 'available', e.g. by fine grindina. 

Fructo-oligosaccharides have no major effects on the glycaemic response of accompany- 
ing carbohydrate, and have no glycaemic etTect /wsc. 

13.3 Fibre In whole food: food form and glycaemic index 

Fibre may be one of the factors reducing the availability, or limiting enzymatic access to 
the starch. A portion of the starch may be digested so slowly that some enters the colon and 
IS called resistant starch. It is not truly resistant starch, but is slowly absorbed, and thus un- 
like chemically resistant starches (RS, and RS,) it results in a flattened blood glucose profile. 
Foods containing these fibre and starch matrixes are low glycaemic index foods and are more 
slowly digested in vitro (Jenkins et al. 1982a; Englyst et al. 1999). They have also been 
descnbed as Slowly Available Glucose (SAG) sources (Englyst et al. 1 999). Associated with 
prolonged free fatty acids (FFA) suppression, these foods also appear to improve the second 
meal glucose tolerance (Axelsen 1 999; Jenkins a/. 1982b; Wolevere/a/. 1988). E.xamples 
of these foods are dried legumes, peas, beans and lentils, pumpernickel r^•e bread and bulgur 
or cracked wheat. In these cases fibre and food form may reduce the rate at which these foods 
arediuested. 



13.3.1 Fibre and glycaemic index: diabetes, cardiovascular disease 
and cancer 

Fibre and its influence on glycaemic index, as a determinant of food form, mav influence 
a number of chronic diseases. Viscous fibres may reduce serum lipid levels. secondar>- to 
inducing increased bile acid loss ( Anderson tv a/. J984; Liae/a/. 1995; Jenkins 1997). 
They also blunt the glucose and insulin responses. There are further means by which low- 
glycaemic index and viscous fibre-rich foods may confer benefit. Postprandiallv. thev may re- 
duce the level of oxidative stress and the production of free radicals uenerated after consum- 
ing refined carbohydrate meals (Geriello ei al.. 1 998). Low serum cholesterol, postprandial 
glucose, insulin, insulin-like growth factors and reactive oxygen species may all therefore 
influence the risk for cardiovascular disease, diabetes and cancer. 
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Diabetes 

Ironicallv. it is the insoluble cereal fibre which appears to otTer protection from diabetes in 
the Nurses Health Study, the Health Professionals Study and the Iowa Women's Health Study 
(Salmeron et ai 1997a, b: Jacobs ei al 1998). In addition, low-glycaemic index diets or 
diets with a low glycaemic load (dietary glycaemic index ^ dietary carbohydrate) were also 
negatively related to the development of TvqDC 2 diabetes over a six-year period (Salmeron 
al. 1 997a. b). The glycaemic eftect is understandable, but it is not as easy to see why the cereal 
fibre has an effect in reducing the incidence of Type 2 diabetes, unless it acts through associ- 
ated nutrients such as magnesium or antioxidants. The effects of wheat bran on glycaemia 
are not marked. It is however possible that bran phenolics may be useful antioxidants of 
importance in diabetes prevention, or that other systems related to diabetes are favourably 
improved by cereal fibre. 

In terms of disease treatment, low-glycaemic index diets have been shown to reduce gly- 
cated proteins in the majority of Type I or 2 diabetic subjects studied in over 13 trials of 
low-glycaemic index foods. One of the most recent studies also demonstrated a reduction in 
plasrninogen activator inhibitor (PAl: Jar\a et ai 1 999). This reduction of a haemostatic risk 
factor associated with thrombosis may have a definite advantage in reducing some of the risks 
of the complications of diabetes. 

The effect of viscous fibres showed early promise in the treatment of diabetes; however, 
the lack of readily available palatable formulations has made further work in this area dif- 
ficult. In addition, although some early insoluble fibre studies looked hopeful in terms ofType 
2 diabetes treatment (Bosello et ai 1 980), there have been no recent reports on the successful 
use of wheat bran in diabetes. There is also the question of whether fibre has a role in weight 
loss. In this area, recent data in obese boys indicate that favourable metabolic change and 
increased satiety accompany meals of reduced glycaemic load (Ludwig etai 1999a, b). 

Cardiovascular disease 

Epidemiologically, wheat bran in a wide range of studies appears to be protective against the 
development of cardiovascular disease (Jacobs et ai 1998; Lui et ai 1999). The reasons for 
this are not apparent, since cereal fibre is relatively lipid neutral. Alternative explanations 
presented to explain diabetes protection may apply here also. Unfortunately, viscous soluble 
fibres are not eaten in sufficient quantities to allow an assessment of these types of fibre to be 
made in Western population studies. 

Low-glycaemic index diets have also been implicated in reducing the risk of cardiovas- 
cular disease. Both the Nurses Health and the Health Professionals studies showed a reduc- 
tion in the risk of cardiovascular risk when low-glycaemic index diets or low-glycaemic load 
diets were consumed (Lui et al. 1998). These benefits are therefore in addition and prob- 
ably even stronger than the effects seen with low-glycaemic index diets in reducing diabetes 
incidence^ 

Clinically, viscous rather than insoluble fibres have long been known to reduce serum 
lipids in both normal and hyperlipidaemic subjects (Jenkins etai 1 975; Braaten et ai 1994). 
Viscous fibres may therefore play a key role in dietary cholesterol reduction and be part of 
the dietary portfolio of food and li festyle factors, which if additive could reduce serum lipids 
to the same extent as currently used drug therapies (Table 13.1) (Jenkins and Kendall 1 999). 
Diets containing low-glycaemic index foods have also been associated with reduced lipids in 
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Approximate LDL redi-aion ! 



Dietar>' component Dietary changes 



Saturated fat* 

Dietary- cholesteror 

Body weight 
Viscous fibre 
Soy protein 
Plant sterols t 
Total 



<7%orcalories 

<200mg/day 

Lose5kg(I0lb.) 

5-IOg/day 

25g/day 

1-3 g/day 

f-'uli poniblio+ 



10 

5 
5 
5 

5 
5 

35 



I ^^'^"^e fatty^cidl^;;^ ' ' 

t Depending on the sterol or stand 
: Assuming that the etVects are additive. 
LDL, low-density lipoprotein. 

Frosi 1999), sugBesline a fi».h„„, , cholesiero] ( Ford and Liu 1999- 

ona.ow-g,yca™ic1„'d»d:,"^"X"e^^^^^^^^ 

I- .n «,e abm,y of fc. ,. .educe .>,:^yc:^:ZZaZ. " 
Cancer 

It is has been suggested that insulin and insulin-like ^nunh f , 

promotion of cancers (McKeown-Eyssen 1994 r'f ^ "^'^ ^ ^P^^^nt in the 

ment of the possible role of glycaemic indef in mht . ^" '^""^ ^^^ess- 

h.gher fibre with low glycaSnic .nTx mav 1 ""^'T""''- '^^^ ^"^^'ation of 

failure to assess this association whth has'led to neT" 7 ^ "^^^ ^'^ ''^ 

of glycaemic effect may be the reas^for he T ^""^'"^^ P^^»' *e lack 
--n.opo,yprecJnceprevX^;S^^^^^^^^^^ 



in 



13.4 Conclusion 

ftxr^tr^^^^^^^ 

component of foods into a slow release foZthat ren " '° ^^'"^^hydrate 

alsoincreas.ngtheel.minat.onofb.leacrnt^^^^^^^^^^^^ 

colonic short-chain fatty acid profiles may be kev Tn ^^^''J^'"'^''' addition to altered 
bohydrate metabolism, with potent I benefits m dlh °f high-fibre diets on car- 

reduction. ^ "^^'""'^'^''^'^^''^^'-diovascuiardiseaseandcancer 
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